INTRODUCTION
The interfacial environment at the top ring zone is one where lubricant quantity is purposely kept low in order to control exhaust emissions. In addition, low lubricant entrainment velocities in the vicinity of the top ring reversal can impact engine friction and piston ring / liner wear. The top ring acts as a partition between the engine lubricant and fuel entering the combustion chamber. Between the cylinder liner and piston assembly a thin film of oil exists providing a source of lubrication for both the piston rings and the piston itself. The dynamics of the fuel injection event, coupled with the charge tumble and swirl systems incorporated into modern engines [1] , [2] , means fuel meets the oil film left behind by the top ring. If the fuel is carrying an additive, typically of higher molecular weight than the fuel itself, the additive may be adsorbed into the oil film covering the cylinder wall [3] , where it escapes combustion. The cylinder liner lubricating film now exists as a mixture of engine lubricant, fuel and fuel additive [4] . Administering friction modifier additives directly to the area surrounding TDC, where they are most needed, has considerable potential for reducing the friction in this area thus improving engine fuel efficiency This paper presents results from engine test research. A novel technique for sampling fluid from the top ring zone has been developed and permits long test runs at relatively high speed. In addition, the development of a system for the sampling of fluid at strategic locations along the cylinder liner is discussed and preliminary findings reported.
LUBRICANT FILM SAMPLING
Sampling fro m the top ring zone (TRZ) is a method which has been used to understand the composition, condition and effectiveness of the lubricant present at the top piston ring. The technique has successfully been employed using relatively crude apparatus on heavy duty diesel engines due to their slow speed and large size. The standard TRZ sampling technique has now been developed to work in a single cylinder gasoline engine, overcoming the challenges of more restrictive geometry and higher engine speeds. The sampling method utilises the pressure gradient between the combustion chamber and its external environment to push lubricant through a small hole in the back of the top ring groove (see figure 1) .
A 0.5mm hole is drilled in the back of the top ring groove and connected to a robust 1/8 th inch Ø PTFE tube. This tube then enters a stainless steel sleeve, protecting its path around the connector rod. At the base of the connector rod the 1/8 th inch Ø tube is connected to a 3/16 th inch Ø PTFE tube which loops around a one -dimensional constraint stabilizing the tubes motion and protecting it at high speed. On exiting the engine the vapour stream carrying the lubricant sample is sprayed against the side of a glass vial where it is condensed under ambient conditions and separated from the combustion gases. Little is known about the axial variation of the cylinder liner lubricating film within a firing gasoline engine. To complement the TRZ sampling equipment a Three Point Sampling (TPS) System was also developed for sampling the lubricating film directly from the cylinder liner. The principle operation of the system is governed by the same mechanics as the TRZ sampling but once again is complicated by the gasoline engines restrictive design. The system features three 0.5mm holes located at strategic locations on the thrust side of the engine (figure 2). The top hole is axially recessed from the TDC location ensuring that as the piston moves to the TDC position it sweeps the hole with lubricant. The bottom aperture is located above the BDC position of the top ring. As the compression ring passes the hole during the combustion stroke, the prevailing pressure wave forces lubricant to exit the engine. On exiting the combustion chamber, the sample travels down 1/8 th inch copper tubes which pass through the water jacket of the cylinder liner, and out of the engine. Needle valves serve to control the flow rate of the sample which is directed into glass sample vials where the sample is condensed under ambient conditions, and harmful gaseous emissions are extracted.
CONCLUDING REMARKS
Top ring zone results.
Figure 3. Top Ring Potassium Marker Vs Engine Load
A series of top ring zone sampling tests were conducted on a Ricardo Hydra tribological test engine. Tests were conducted at a range of engine operating conditions, although engine speed was restricted to a maximum of 2000 rpm due to constraints associated with the sampling technique. Lubricant samples collected during the tests were analysed for both fuel and potassium marker concentration.
A separate set of engine tests were conducted using the three point cylinder liner lubricant film sampling system. The system proved capable of both high speed and load tests permitting the mapping of the lubricant film along the cylinder liner. This methodology therefore complements the sampling of TRZ lubricant and together the two techniques allow for a more comprehensive means of characterising lubricant samples from within the engine's combustion chamber. 
